Abstract:
INTRODUCTION
Cancer can be defined as a disease in which a group of abnormal cells grow uncontrollably disregarding the normal rules of cell division. Normal cells are constantly subjected to signals that dictate whether the cell should divide, differentiate into another cell or die. Cancer cells develop a degree of autonomy from these signals, resulting in uncontrolled growth and proliferation. If this proliferation is allowed to continue and spread, it can be fatal. In fact, almost 90% of cancer-related deaths are due to tumor spreading or dissemination [1] . Phenomenal advances in cancer research have given us insight into how cancer cells develop this autonomy. Now, cancer is defined as a disease that involves changes or mutations in the cell genom, the somatic mutation theory has been the prevailing paradigm in cancer research and its premise is that cancer is a disease of cell proliferation caused by mutation in genes that control proliferation and the cell cycle [2] .
Although advances in the field of chemo-preventive and therapeutic medicine have been made regularly over the last ten years, the search for novel anticancer treatments continues as it became an urgency to develop new anticancer agents with fewer side effects.
Benzopyran-2-one comprises a group of natural compounds found in a variety of plant sources [3] . Benzopyrones were recognized to possess a broad spectrum of antitumor activity following different mechanisms as 667-Coumarate (Fig. 1A) that acts as Sulphatase inhibitors [4] and Carbonic anhydrase II enzyme inhibitors [5] while other benzopyrones were reported as Histone deacetylase (HDAC) inhibitors as Fig. (1B) [6] . Moreover, geiparvarin (Fig.  1C) , a naturally occurring coumarin has been shown to possess a significant inhibition for cell lines including sarcoma 180, lewis lung carcinoma, P-388 lymphocytic leukemia and walker 256 carcinosarcoma [7] . Furthermore, literature survey revealed several heterocycles as oxadiazole [8] , pyrazole [9] , dimethyl pyrazole [10] , amino pyrazole [11] , and pyrazolone [12] all possessed reported antitumor effect. These findings have encouraged us to design and synthesize compounds comprised of the benzopyran-2-one scaffold as Schiffs like compounds, acetohydrazides or substituted with oxadiazole, pyrazole heterocycles. The newly synthesized compounds were selected by National Cancer Institute (NCI), Bethesda, MD, U.S.A., for in vitro one dose testing in the full NCI 60 cell lines panel assay.
MATERIALS AND METHODS

Chemistry
Melting points were determined by open capillary tube method using Stuart SMP10 melting point apparatus and were uncorrected. Microanalyses were carried out at The Regional Center for Mycology and Biotechnology, Al-Azhar University. Infrared Spectra were recorded as potassium bromide discs on Schimadzu FT-IR 8400S spectrophotometer (Shimadzu, Kyoto, Japan) and Bruker FT-IR spectrophotometer and expressed in wave number υ max (cm -1 
2-(3-Benzyl-4,8-dimethyl-2-oxo-2H-benzopyran-7-yl)oxyacetohydrazide 3 (Scheme 1)
A mixture of the ester compound 2 (3.66 g, 0.01 mol) and hydrazine hydrate 99% (1 mL, 0.02 mol) in ethanol (30 mL) was heated under reflux for 2 h. The precipitate was filtered, washed with water and dried. The crude product was crystallized from acetic acid to yield 89% of 3. 
N′-Acetyl-2-(3-benzyl-4,8-dimethyl-2-oxo-2H-benzopyran-7-yl)oxyacetohydrazide 5 (Scheme 1)
A suspension of acid hydrazide 3 (1.83 g, 0.005 mol) in glacial acetic acid (15 mL) was stirred at room temperature for 24 h. The solvent was distilled under vacuum and the residue was crystallized from ethyl acetate to yield 98% of 5. mp 278-279 ºC. IR υ max, cm 
3-Benzyl-4,8-dimethyl-7-(5-methyl-1,3,4-oxadiazol-2-yl)methoxy-2H-benzopyran-2-one 6 (Scheme 1)
A mixture of compound 5 (1.97 g, 0.005 mol) and phosphorus oxychloride (3 mL) in dioxane (10 mL), was heated under reflux for 3 h. The reaction mixture was cooled down, diluted with ice-cold water and neutralized with ammonium hydroxide. The precipitate formed was filtered, dried and crystallized from ethanol to yield 63% of 6. mp >350 ºC. IR υ max, cm 
2-(3-Benzyl-4,8-dimethyl-2-oxo-2H-benzopyran-7-yl)oxy-N,N′-bis(4-methylphenylsulfonyl)acetohydrazide 7 (Scheme 1)
A mixture of acid hydrazide 3 (1.83 g, 0.005mol), tosyl chloride (1.06 g, 0.01 mol) in ethanol (20 mL) containing a few drops of acetic acid was heated under reflux for 12 h. 
7-[2-(3-Amino-5-imino-4,5-dihydropyrazol-1-yl)-2-oxoethoxy]-3-benzyl-4,8-dimethyl-2H-benzopyran-2-one 8 (Scheme 2)
A mixture of the hydrazide compound 3 ( 
1-[2-(3-Benzyl-4,8-dimethyl-2-oxo-2H-benzopyran-7-yl)oxyacetyl]-5-iminopyrazolidin-3-one 9 (Scheme 2)
A mixture of the acid hydrazide 3 (1.83 g, 0.005 mol) and ethyl cyanoacetate (1.13 mL, 0.01 mol) in ethanol (5 mL) was heated under reflux for 6 h. The precipitated solid was filtered, washed, dried and crystallized from ethanol to yield 65% of 9. mp 215-217 o C. IR υ max, cm 
Biological Activity
Antitumor Screening
The synthesized compounds were subjected to the NCI's disease-oriented human cell lines screening assay to be evaluated for their in-vitro antitumor activity. The anticancer assays were performed in accordance with the protocol of the Drug Evaluation Branch, NCI, Bethesda [14 -18] .
Under a sterile condition, the human tumor cell lines of the cancer screening panel were grown in RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-glutamine. For a typical screening experiment, the cells were inoculated into 96 well microtiter plates in 100 μL at plating densities ranging from 5,000 to 40,000 cells/well depending on the doubling time of individual cell lines. After cell inoculation, the microtiter plates were incubated at 37° C, 5% CO 2 , 95% air and 100% relative humidity for 24 h prior to the addition of experimental drugs.
After 24 h, two plates of each cell line were fixed in situ with trichloroacetic acid (TCA), to represent a measurement of the cell population for each cell line at the time of drug addition (Tz). Experimental drugs were solubilized in dimethylsulfoxide (DMSO) at 400-fold achieving the desired final maximum test concentration and stored frozen prior to use. At the time of drug addition, an aliquot of frozen concentrate was thawed and diluted to twice the desired final test concentration (10 -5 M) with complete medium containing 50 μg/mL gentamicin. Aliquots of 100 μL of these drug dilutions were added to the appropriate microtiter wells already containing 100 μL of medium, resulting in the required final drug concentrations.
Following drug addition, the plates were incubated for an additional 48 h at 37°C, 5% CO 2 , 95% air, and 100% relative humidity. For adherent cells, the assay was terminated by the addition of cold TCA. Cells were fixed in situ by gently adding 50 μL of cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 min. at 4 °C. The supernatant was discarded, and the plates were washed five times with tap water and air dried. Sulforhodamine B (SRB) solution (100 μL) at 0.4% (w/v) in 1% acetic acid was added to each well, and plates were incubated for 10 min at room temperature. After staining, unbound dye was removed by washing five times with 1% acetic acid and the plates were air dried. Bound stain was subsequently solubilized with 10 mM trizma base, and the absorbance was read on an automated plate reader at a wavelength of 515 nm [19] .
Using the seven absorbance measurements [time zero, (Tz), control growth, (C), and test growth in the presence of drug at the 10 -5 M concentration level (Ti)], the percentage growth was calculated at each of the drug concentrations levels. Percentage growth inhibition was calculated as:
[(Ti − Tz)/(C − Tz)] x 100 for concentrations for which Ti ≥ Tz [(Ti − Tz)/Tz] x 100 for concentrations for which Ti < Tz.
The Mean Graph
Mean graph is the mean presenting the in vitro test results to emphasize differential effects of test compounds on various human tumor cell lines. It plots the growth relative to no drug control and relative to time zero number of cells. The mean is the average of growth across the tested cell lines, while delta is the maximum difference from the mean.
RESULTS AND DISCUSSION
Chemistry
The intermediates 2, 3 and the target compounds 4(a-d)-11 were synthesized as depicted in (Scheme 1 and 2) .
The starting compound 1 was prepared as reported in literature [13] . Benzylidene acetohydrazides derivatives were prepared by refluxing acid hydrazide with appropriate aromatic aldehyde or acetophenone in ethanol/ glacial acetic acid, and this method was adopted for the synthesis of compounds 4a-d. The structures of 4a-d were confirmed with elemental analyses and spectral data. IR spectra elicited a band at 3460-3188 cm -1 corresponding to NH group. 1 H NMR of 4a-c displayed a singlet at 7.89-8.22 ppm corresponding to azo methane proton and another singlet at 8.50-11.57 ppm assigned to NH. While compound 4d revealed a singlet signal at 2.53 ppm corresponding to the N=CCH 3 protons and two singlet signals at 3.81 and 3.84 ppm corresponding to the added two OCH 3 protons. Finally, MS spectra revealed their molecular ion peaks. Compound 5 was obtained by stirring a mixture of acid hydrazide 3 with glacial acetic acid at room temperature for 24 h. The structure of 5 was elucidated by the elemental analysis and spectral data. IR spectrum showed bands at 3446, 3238 cm -1 corresponding to 2 NH groups. 1 H NMR spectrum revealed a singlet signal at δ = 1.88 ppm corresponding to COCH 3 proton and 2 singlet signals at δ = 9.89 and 10.04 ppm corresponding to 2 NH groups. The MS spectrum revealed its molecular ion peak at 394. Synthesis of substituted oxadiazoles can be achieved through one pot reaction of three components, phosphorus oxychloride, acid hydrazide and acid derivatives [20] . Another method involves cyclization of acetohydrazide derivatives using phosphorus oxychloride in dioxane [21] . In the present work, the later method was followed to prepare 6 in good yield. Compound 6 was confirmed through the elemental analysis and spectral data. IR spectrum showed disappearance of bands corresponding to 2 NH groups and only one band at 1691 cm -1 corresponding to benzopyrone C=O group. 1 H NMR spectrum revealed disappearance of any signals corresponding to the 2 NH protons. MS spectrum showed its molecular ion peak at m/z 367. Reaction of acid hydrazide derivatives with acid chloride as tosyl chloride led to the formation of benzene sulfone hydrazide derivatives, this reaction was reported to be performed in glacial acetic acid at room temperature for 24 h [22] . The structure of 7 was deduced as disubstituted derivative by the elemental analysis and spectral data. IR spectrum showed a band at 3446 cm -1 corresponding to NH group and bands at 1354, 1188 cm -1 corresponding to SO 2 groups. 1 H NMR spectrum showed a singlet signal at δ = 2.29 ppm corresponding to two p-CH 3 protons, a double of doublet at δ = 7.12 and 7.50 ppm corresponding to 3ʺ, 5ʺ and 2ʺ, 6ʺ protons of the two p-methylbenzenesulphone moieties, respectively. The MS spectrum of 7 revealed the molecular ion peak at 660.
Refluxing acid hydrazide 3 with many substituted carbonitrile derivatives as malononitrile, ethyl cyanoacetate and ethoxy methylene malononitrile was reported to yield the corresponding amino pyrazoles 8, pyrazolone 9 and pyrazole carbonitriles 10, respectively. The target compounds 8, 9, and 10 were synthesized through refluxing acid hydrazide derivative 3 with appropriate carbonitrile compound in ethanol (Scheme 2).
The IR spectrum of 8 showed bands at 3504, 3448 and 3404 cm -1 assigned to NH 2 and NH groups. 1 H NMR spectra of 8 displayed three singlet signals at 1.88 and 4.65 and 9.93 ppm corresponding to CH 2 pyrazoline, NH and NH 2 , respectively. 1 H NMR spectra of 9 revealed two singlet signals at δ = 1.87 and 9.67 ppm corresponding to CH 2 pyrazolone and two NH protons, respectively. IR spectrum of 10 revealed a characteristic band at 2196 cm -1 corresponding to the added cyano group. Finally, MS spectra revealed the molecular ion peaks of the titled compounds. Condensation of acid hydrazide with acetyl acetone in ethanol containing triethylamine afforded the corresponding dimethyl pyrazoles 11 (Scheme 2). The structure of 11 was deduced from microanalytical and spectral data. 1 H NMR spectra showed new two singlet signals at 2.40 ppm assigned to six protons of the two CH 3 substituting the pyrazole ring and at 5.66 ppm corresponding to the CH of pyrazole, finally 11 revealed the molecular ion peak at 416.
Antitumor Screening
Preliminary In Vitro Antitumor Screening
Newly synthesized compounds (4a-d, 5, 6, 7, 8, 9, 10 and 11) were selected by National Cancer Institute (NCI) Developmental Therapeutic Program (www.dtp.nci.nih.gov), Bethesda, MD, U.S.A. The synthesized compounds were subjected to the NCI's disease-oriented human cell lines screening assay to be evaluated for their in vitro antitumor activity. The anticancer assays were performed in accordance with the protocol of the Drug Evaluation Branch, NCI, Bethesda [14 -18] . A single dose (10 µM) of the test compounds was used in the full NCI 60 cell line panel assay. A 48 h drug exposure protocol was used and sulforhodamine B (SRB) protein assay was applied to estimate the cell viability and growth [19] . The results were reported as mean graph of the percent growth of the treated cells and presented as percentage growth inhibition (GI %). The obtained results of the tested benzopyrone analogues showed distinctive potential pattern of selectivity, as well as broad-spectrum antitumor activity ( Table 1) . Colon Cancer Regarding the activity towards individual cell lines, Schiffs like compounds 4a-d showed overall moderate activity with 4a-c having a better activity with mean GI values of 6.17, 10.84 and 7.99% for 4a, 4b and 4c, respectively compared to 4d. Regarding the activity of each compound, the benzylidene derivative 4a achieved only a moderate effect upon leukemia HL-60 (TB) with GI value of 30.93% and a weak activity over the leukemia subpanels CCRF-CEM and SR with GI values of 19.49 and 25.42%, respectively. A noticeable effect was achieved upon many non-small cell lung cancer subpanels with cell line NCI-H226 having the greatest effect of GI value of 46.05% while NCI-H23, NCI-H332M and NCI-H522 was inhibited by values of 15 and breast subpanel MDA-MB-468, respectively. The dimethoxyphenylethylidene derivative 4d showed a weak activity over a single cell line, the renal cancer UO-31 with GI value of 15.52%.
The acetohydrazide derivative 5, oxadiazole 6 and bis-methylphenylsulphonyl derivative 7 showed a similar inhibitory pattern. The three compounds revealed only a weak effect upon leukemia subpanel RPMI-8226 with GI values of 15.42, 12.64 and 11.32% for 5, 6 and 7, respectively. Also the non-small cell lung cancer cell line NCI-H522 was inhibited by 13.08, 10.75 and 15.72% for 5, 6 and 7, respectively. Finally, 5, 6 and 7 exhibited a weak activity over renal cancer UO-31 with GI values of 21.08, 11.03 and 21.24%, respectively. The 3-amino-5-imino-4,5-dihydropyrazol 8 derivative, 5-iminopyrazolidin-3-one derivative 9 and 5-imino-2,5-dihydropyrazole-4-carbonitrile 10 revealed no noticable effect, all three derivatives shared activity towards non-small cell lung cancer subpanel NCI-H522 with GI values 22.46, 21.43 and 20.63%, respectively, they also shared activity towards renal cancer UO-31 with GI values of 29.22, 35.81 and 24.45%, respectively. 8 also possessed weak activity towards breast cancer T-47D with GI value of 29.36% where it showed the highest mean GI among the three derivatives of value 3.66% compared to mean GI value of 2.08 and 0.95% corresponding to 9 and 10, respectively. Compound 11 did not exhibit considerable activity as GI values were 12.22 and 15.14% against non-small cell lung cancer NCI-H522 and renal cancer UO-31, respectively.
CONCLUSION
New benzopyrone derivatives were prepared in this study. All compounds were selected by National Cancer Institute (NCI), Bethesda, and evaluated for their in vitro anticancer activity in the full NCI 60 cell lines panel assay by a single dose test (10 µM). Substituted benzylidene derivatives 4a, b and c had the best activity with mean GI values of 6.17, 10.84 and 7.99%, respectively. Results revealed that, Schiff's like compounds of benzopyrone scaffold with substituted benzylidene derivatives 4a-c had overall good effect. However, Schiff's like compounds comprised of disubstituted phenylethylidene derivative 4d had no significant effect. In addition, aetohydrazide derivatives 5 and 7 or hybrids with oxadiazole 6 or substituted pyrazoles 8-11 had a weak or no significant effect.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Not applicable.
HUMAN AND ANIMAL RIGHTS
No Animals/Humans were used for studies that are base of this research.
CONSENT FOR PUBLICATION
CONFLICT OF INTEREST
This research did not receive any specific grant from funding agencies of the public, commercial, or not-for-profit sectors.
The authors declare no conflict of interest, financial or otherwise.
